Objectives: The detection in Acinetobacter genospecies 3 isolates of OXA-type carbapenemases, resulting in reduced susceptibility to carbapenem antibiotics, is increasingly reported. We identified an Acinetobacter genospecies 3 isolate carrying the gene for OXA-58 and aimed to resolve the genetic environment surrounding the bla OXA-58 gene.
Introduction
The recent rise of carbapenem resistance in Acinetobacter baumannii presents significant problems for the treatment of this organism. This increase in resistance is largely attributable to the increasing prevalence of the Ambler class D OXA-type b-lactamases and, in particular, enzymes related to OXA-23 and OXA-58. 1 Other members of the Acinetobacter genus, closely related to A. baumannii and that have been associated with nosocomial infections, such as Acinetobacter genospecies 3 and 13TU, have remained generally susceptible to most antimicrobials in contrast to A. baumannii. 2 However, in 2007, the first confirmed identification of Acinetobacter genospecies 3 isolates resistant to carbapenems was reported. 3 In 2008, Marti et al. 4 published the first analysis of the genetic environment surrounding the gene encoding OXA-58 in an Acinetobacter genospecies 3 isolate resistant to the carbapenems. The bla OXA-58 gene was found to be plasmid borne and flanked on either side by an ISAba3 insertion sequence. This was an identical arrangement to that identified in an A. baumannii isolate by Poirel and Nordmann, 5 suggesting that the bla OXA-58 gene may have been acquired from this species.
During screening of Acinetobacter isolates, we identified an Acinetobacter genospecies 3 isolate with reduced susceptibility to the carbapenems and that carried a bla OXA-58 gene. The purpose of this study was to further characterize the genetic environment surrounding the bla OXA-58 gene in this isolate, and to compare it with that described previously in both Acinetobacter genospecies 3 and A. baumannii.
Materials and methods

Isolate identification
Isolate A164 was collected from a patient in Freiburg, Germany, as part of an Acinetobacter surveillance study and reported as showing reduced susceptibility to carbapenem antibiotics. Species identification was confirmed by restriction analysis of the 16S-23S intergenic rRNA sequence. 
Carbapenem resistance and carbapenemase gene detection
To confirm the initial reports of reduced susceptibility to carbapenems, the MICs of imipenem, meropenem and ertapenem were determined by the plate doubling-dilution method, according to BSAC guidelines. 7 Isolate A164 was screened by PCR for the presence of genes of the bla OXA-23-like , bla OXA-40-like , bla OXA-51-like and bla OXA-58-like families using multiplex primers, as described previously. 8 
Inverse PCR and genome walking
In order to identify the immediate genetic context of the bla OXA-58-like gene (see the Results section), whole purified total DNA was restricted with MspI endonuclease for 2 h and then circularized by incubation with T4 DNA ligase for 16 h, as per the manufacturer's instructions (New England Biolabs, Hertfordshire, UK). Circularized DNA was then used as template for a PCR using primers OXA-58-OUT1 and OXA-58-OUT2 (Table 1 and Figure 1 ), with cycling conditions of 948C for 1 min, 588C for 1 min and 728C for 1 min for 30 cycles, and a final extension of 728C for 5 min.
To further determine the sequences surrounding the bla OXA-58 gene, a genome walking technique was used. Following the technique of Guo and Xiong, 9 combinations of nested specific primers were utilized along with the non-specific degenerate primers semi-1 and semi-3 to amplify the unknown regions surrounding the bla OXA-58 gene using unmodified whole purified total DNA. Amplified fragments were purified using a QIAquick PCR Purification Kit (Qiagen, Crawley, UK) and sequenced on a 3730 DNA Analyzer (Applied Biosystems, Warrington, UK). Sequences were analysed using the BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) and MultAlin (http://bioinfo. genopole-toulouse.prd.fr/multalin/) software, and were used to design the next set of specific nested primers. Verification of the proposed gene arrangement was performed using primers designed to amplify large regions spanning two or more genome walking-derived fragments and were performed on whole purified total DNA. All primers used in determining the genetic context of bla OXA-58 are listed in Table 1 and their positions are indicated in Figure 1 . The complete annotated sequence was deposited in GenBank under accession number GU911349.
Southern analysis
Whole total DNA from isolate A164 was restricted with I-CeuI endonuclease (New England Biolabs, Hertfordshire, UK) and fragments were separated by PFGE, as described previously. 10 Separated DNA fragments were transferred to a positively charged nylon membrane (Roche Diagnostics Ltd, West Sussex, UK). Digoxygenin-dUTP-labelled probes were generated by PCR for bla OXA-58 using the primers OXA-58-1 (5 ′ -AAGTA TTGGGGCTTGTGCTG-3 ′ ) and OXA-58-2 (5 ′ -CCCCTCTGCGCTCTACATAC-3 ′ ), 8 and for the 16S-23S rRNA region using primers 16S-1 (AGAGTTTGATC HTGGYTYAGA) and 16S-2 (ACGGYTACCTTGTTACGACTTC), 11 following the manufacturer's guidelines (Roche Diagnostics Ltd, West Sussex, UK). Membrane probing and signal detection using photographic film were all performed according to the manufacturer's guidelines.
Results and discussion
Isolate A164 was confirmed as belonging to Acinetobacter genospecies 3 by analysis of the banding pattern produced by restriction of the 16S-23S intergenic rRNA sequence. The isolate was found to have reduced susceptibility to imipenem and meropenem, though values remained below the threshold for resistance (MICs of 2 mg/L) and had a high MIC of ertapenem (32 mg/L). The PCRs for bla OXA-23-like , bla OXA-40-like and bla OXA-51-like genes were negative, but the isolate was positive for a bla OXA-58-like gene.
The genetic environment surrounding the bla OXA-58 gene that was obtained through inverse PCR and then genome walking using whole purified total DNA is shown in Figure 1 . Downstream of the bla OXA-58 gene is the insertion sequence ISAba3, followed by a transcriptional regulator of the AraC family, and the lysE gene encoding a threonine efflux protein. This whole region is very similar to that originally identified in A. baumannii isolates by Poirel and Nordmann 5 and is followed by a 27 bp sequence (Re27) identical to that found to be a repeated element in those isolates, suggesting that this region has been acquired from A. baumannii. However, no repeat of the Re27 element was detected upstream of the bla OXA-58 gene in A164, suggesting that the bla OXA-58 locus was not obtained by recombination at the Re27 sequence in isolate A164, in contrast to that proposed for the sequence identified by Poirel and Nordmann. 5 Instead, the first 126 bp of an ISAba3 insertion sequence was found, which is interrupted by an ISAba125 insertion sequence. The ISAba125 element was first identified in A. baumannii in association with insertional inactivation of an outer-membrane porin 12 and has rarely been reported. The ISAba3 fragment contained the P Aba3 promoter previously identified as being responsible for bla OXA-58 expression. 5 Upstream of this is an interrupted amino acid transport protein of the ABC superfamily, suggesting that the ISAba125 element has inserted at this point. The ABC transporter shows 98% nucleotide similarity with that No. in Figure 1 Use Primers designed by Guo and Xiong. Novel OXA-58 genes in Acinetobacter species 3 1587 JAC found in A. baumannii strains AYE, AB0057 and AB307-0294. The region downstream of the Re27 element was found to contain a complex structure, with the final 80 bp of a transposase with 98% identity to the ISAba3-like sequence from A. baumannii strain MAD, 5 interrupted by a central 308 bp ISAba3 sequence, itself interrupted by a complete ISAba125. The ISAba125 element is followed by a sequence identical to that found upstream of the initial bla OXA-58 gene, with an ISAba3-like segment, which is then followed by a second copy of bla OXA-58 . This apparent duplication of the bla OXA-58 gene is similar to that previously identified in A. baumannii isolates by Bertini et al., 13 in which it was proposed that the insertion sequence IS26 was responsible for the duplication. In isolate A164, the duplication of the bla OXA-58 gene may have been mediated by the ISAba125 elements and may contribute towards the decreased susceptibility to the carbapenems observed in this isolate. 13 Southern blotting analysis of whole A164 DNA revealed a single band hybridizing with the bla OXA-58 probe that did not co-hybridize with the 16S-23S rRNA probe, suggesting that the bla OXA-58 genes are plasmid borne in isolate A164 (results not shown).
This study is the first identification of b-lactamase gene duplication in Acinetobacter genospecies 3 and the first to identify ISAba125 as a potential facilitator for this duplication. The detection of plasmids in Acinetobacter genospecies 3 carrying multiple copies of the bla OXA-58 gene does not bode well for the future susceptibility of this species to the carbapenems. Additionally, the similarity of parts of the plasmid sequence to sequences found in A. baumannii suggests the dissemination of shared plasmid-borne genes between the two species, presenting the possibility of further acquisition of resistance determinants by Acinetobacter genospecies 3 from A. baumannii, with the potential to produce a widespread multidrug-resistant organism.
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